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U.S.  Army  Training  and  Doctrine 

ATTN 3  ATCD-ET,  Fort  Monroe,  VA  23651- 


SUBJZCT:  Memorandum  Report  -  Evaluation  of  Communications 
Display  for  Aviation  Air  Picture  (CEP  92-829} 


1.  Reference,  Concept  Evaluation  Program  (CEP)  Test  Report, 
doted  30  September  1992  (CEP829) . 

2.  Based  on  referenced  test  report  the  following  information  is 
provided  for  your  consideration. 


3.  Overall  evaluation:  This  CEP  evaluated  the  pilot  response  to 
a  display  of  real  time  tactical  threat  information  in  the 
cockpit.  The  air  threat  information  from  the  forward  area  t- 
defense's  (FAAD)  command,  control,  communications,  and 
intelligence  (C3I)  broadcast  was  retransmitted  through  the 
aviation  tactical  operations  centers  (TOC)  to  Amy  aircraft.  The 
US  Amy  Aviation  Center  will  use  the  information  gained  from  this 
CEP  in  the  requirements  documents  for  the  aviation  tactical 
operations  center  (AVTOC)  and  the  tactical  data  acquisition  and 
correlation  (TDAC)  system. 

4 .  Conclusions : 


a.  Retransmission  of  FAAD  C3I  information  over  high 
frequency  (EF)  and  very  high  frequency  (VHF)  radios  in  real  time 
is  viable.  Retransmission  in  real  time  of  target  files  from 
other  broadcasts  has  a  potential  benefit  to  Army  aviation. 

b.  Aviators  can  use  the  information  to  perform  their 
missions  quicker,  with  a  better  chance  of  survival,  and  a  reduced 
probability  of  fratricide. 


c.  The  display  media  required  varies  by  mission.  Attack 
aircraft  need  detailed  information  of  threat  air  tracks. 
Cavalry,  assault,  mediiim  lift,  and  utility  aircraft  need  audio 
warning  and/or  a  relative  position  of  threat  air-  tracks.  Amy 
aviation  requires  further  research  and  development  efforts  in 
this  area. 
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5 .  Recommendations : 

a.  That  the  Electronics  Integration  Directorate  (EID)  of 
the  Communications  and  Electronics  Command  (CECOM)  open  a 
dialogue  with  the  electronic  warfare  engineering  center  at  CECOM 
£uid  explore  the  feasibility  of  using  the  APR-39  display  for  non¬ 
radar  threat  information  queuing  in  the  cockpit. 

b.  That  EID,  through  the  TDAC  program,  continue  automation 
development  to  reduce  pilot  workload  associated  with  situation 
display  information  in  the  cockpit. 

6.  The  point  of  contact  at  the  United  States.  Army  Aviation 
Center  is  Peter  Bartosch  DSN  558-3973/4872,  Comm  205-598-3641. 

FOR  THE  COMMANDER: 


Enel  STEPHEN  S.  MACWILLIE 

Colonel,  Aviation 

Director  of  Combat  Developments 

CF: 

Commander: 

U.S.  Am^  Training  and  Doctrine  Command  ATTN:  ATCB-T/ATOS-S 
Fort  Monroe,  VA  23651 

Communications  and  Electronics  Command  ATTN:  SA\ AA-T/SAVAA-D  Fort 
Monmouth,  NJ  07703-5000 

U.S.  Army  Aviation  and  Troop  Command  ATTN:  AMSAT-R/SFAE-AV-AEC 
4300  Goodfellow  Blvd  St.  Louis,  MO  63120-1798 

U.S.  Army  Aviation  Technical  Test  Center  ATTN:  STEAT-MP  Fort 
Rucker,  AL  36362 

U.S.  Army  Training  Supoort  Center  ATTN:  ATIC-DM  Fort  Eustis,  VA 
23604 

U.S.  Army  Signal  Center  and  Fort  Gordon  ATTN:  ATZH-CDT  Fort 
Gordon,  GA  30905-5000 

U.S.  Army  Training  Support  Center  ATTN:  ATIC-DST-DM  Fort  Eustis, 
VA  23604-5000 

U.S.  Army  Test  cuid  Evaluation  Command  ATTN:  AMSTE-TO  Aberdeen 
Proving  Ground,  MD  21005 

U.S.  Army  Communications -Electronics  Command  ATTN:  AMSEL-RD  Fort 
Monmouth,  NJ  07703 

Defense  Technical  Information  Center  Cameron  Station  ATTN:  DDC- 
TCA  Alexandria,  VA  22314 

U.S.  Army  Electronics  Research  and  Development  Command  ATTN: 
AMDEL-AV  Adelphi,  MD  20783 

U.S.  Army  Information  Systems  ATTN:  CC-OPS  Fort  Huachuca,  AZ 
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U.S.  Am^  Information  Systems  ATTN:  CC-OPS  Fort  Huachuca,  AZ 
35613-7000  I 

U.S.  Army  Forces  Command  ATTN:  AFOP-DA  Fort  McPherson,  GA  30330 

U.S.  Army  Armor  Center  &  Fort  Knox  ATTN:  ATZK-MW  Fort  Knox,  KY  ' 
40121-5000 

HQ  TRADOC  ATTN:  ATCD-L  Fort  Monroe,  VA  23651-5000 

U.S.  Army  Combined  Arms  Center  ATTII;  ATZL-CDC-B  Fort  Leavenworth, 
KS  C6027-5300 

U.S.  Combined  Arms  Support  Command  ATTN:  ATCL-C  Fort  Lee,  VA 
23801-6000 

U.S.  Amy  Air  Defense  Artillery  School  ATTN:  ATSA-CDC-R  Fort 
Bliss,  TX  79916 

Aviation  Brigade,  101st  Airborne  Division  (Air  Assault)  ATTN:  S3 
and  Cdr  2-17th  Cav  Fort  Campbell,  KY  42223 

Chief  C.S.  Army  Aviation  Training  Library  ATTN:  ATaQ-T-ATC  Fort 
Rucker,  AL  36362-5000 


Commandant  U.S.  Amy  Field  Artillery  School  ATTN:  ATSP-CD  Fort 
Sill,  OK  73503-5600 

Commandant  TEXCOM  Infantry  Beard  ATTN:  ATZB-IB-PO  Fort  Benning, 
GA  31905 

Commandanw  U.S.  Army  Infantry  School  ATTN:  ATSH-CD/ATSH-CDC  Fort 
Benning,  GA  31905-5007 


me 


Dist  A  per  telecon  Mr.  Peter  Bartosch 
U.S.  Array  Aviation  Center  and 
Fort  Ruchker,  AL  :  . 

Fort  Rucker,  A:  36362 
11/20/92  CG 
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CONCEPT  EVALUATION  PROGRAM 


COMMUNICATIONS  AND  DISPLAY  FOR  AVIATION  AIR  PICTURE 

30  September  1992 


1.0  References: 

1.0.1.  Memorandum  of  Instruction  —  Force  Development  Evaluation 
(FDEV)  of  TRADOC  Products  of  the  Concept  Based  Recuirements 
System  (CBRS)  dated  13  Jul  1992. 

1.0*2  Test  and  Evaluation  Plan  for  Communications  and  Display 
for  Aviation  Air  Picture  dated  12  June  1992. 

1.0.3  Department  of  the  Amy  Pamphlet  71-3,  Operational  Test  and 
Evaluation  Methodology  and  Procedures  Guide. 

1 . 1  Purpose  and  Scope : 

1.1.2  The  purpose  of  this  Concept  Evaluation  Program  (CEP  92- 
829)  was  to  evaluate  the  cap2d>ility  of  an  aviation  tactical 
operations  center  to  transmit  Forward  Area  Air  Defense  (FAAD)  and 
other  sources  of  target  data  to  aircraft  in  the  engagement  area. 
This  information  would  be  used  to  avoid  or  engage  threat  systems 
inside  the  threat  systems  engagement  time  line.  The  key 
technology  parameters  evaluated  for  effectiveness  were:  (1)  Non— 
Line-Of -Sight  (NLOS)  Communications  (2)  medium  speed  digital  data 
transfer  techniques,  (3)  symbology  and  display  techniques,  (4) 
software  engineering  using  existing  equipment  on  Arny  aircraft. 
The  results  of  the  CEP  will  be  used  to  develop  requirements 
document  for  the  tactical  data  acquisition  and  correlation  (TDAC) 
system. 

1.1.2  SCOPE. 

1.1. 2.1  This  CEP  was  conducted  at  Fort  Can^bell  Kentucky 
utilizing  two  AH-iS  and  one  OH-58C  provided  by  the  Electronics 
Integration  Directorate  (EID)  of  the  Communications  and 
Electronics  Command  (CECOM) .  These  aircraft  were  the  subject 
aircraft  or  "Blue  Forces".  B-Troop  2d  Squadron  17th  Cavalry 
Regiment  (B-2/17th)  provided  four  Afi-lF  as  surrogate  threat 
aircraft  or  "Red  Forces."  A  ground  station  simu^.ating  the 
tactical  operations  center  (TOC)  was  provided  by  EID.  This  TOC 
provided  the  missions,  acted  as  the  net  control  station,  and 
provided  the  air  tracks  to  the  Blue  Forces.  The  Red  Forces  were 
commanded  by  the  B-Troop  platoon  leader  who  provided  their 
mission,  net  control,  and  operational  parameters. 

1. 1.2.2  Six  Blue  Force  missions  and  five  Red  Force  missions  were 
conducted.  During  each  mission  the  test  coordinator  (surrogate 
Blue  force  commander)  and  the  B-Troop  platoon  leader  coordinated 
the  time  phasing  of  the  engagement.  One  Blue  Force  mission  was  a 
flight  to  Fort  Knox  and  back  to  Fort  Campbell  at  night  to 
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evaluate  the  long  haul  HF  link  during  the  vorst  period  of  HF 
propagation.  Due  to  Nap-of-the-earth  flight  terrain  limitations, 
the  remaining  five  missions  were  conducted  in  the  same  box  (120 
square  kilometers) .  Four  missions  were  conducted  with  air 
picture  activated.  The  difficulty  of  the  test  was  the  simulation 
of  the  threat  forces.  Since  no  air  defense  radar  was  availeible, 
the  three. c  force  targets  had  to  be  generated  by  a  computer. 

These  computer  track  files  were  flown  by  the  Red  Forces.  This 
w'^rked  out  very  well.  The  pilots  of  B-Trocp  flew  the  computer 
generated  tracks  precisely. 

1 . 1 . 2 . 3  TACTICAL  CONTEXT . 

1. 1.2.3.!^  Scenario.  Task  Force  Eagle  is  embarking  on  operation 
Jungle  Shield  in  South  America.  Eagle  is  composed  of  the  1st 
infantry  brigade  of  the  101st  Airborne  Division  (Air  Assault)  and 
elements  of  the  field  artillery  brigade,  aviation  brigade,  signal 
battalion,  engineer  battalion,  military  police  battalion,  air 
defense  artillery  batteries  (vulcan) ,  and  other  supporting  forces 
of  the  101st  Airborne  Division  (Air  Assault).  The  Aviation 
battalion  task  force  is  composed  cf  B~Troop  2 /17th  Cav,  3d 
battalion  (Apaches),  4th  battalion  ( Blackhawks ) ,  and  A-Company  of 
the  7th  battalion  (Chinooks).  The  mission  of  the  brigade  task 
force  is  to  help  the  indigenous  forces  of  Escador  defend  its 
homeland  against  their  neighbors  to  the  west  Partiguy. 

1.1. 2. 3. 2  Environment.  The  weather  is  hot  and  humid.  The 
terrain  averages  2000  feet  mean  sea  level  (MSL)  with  mountainous 
areas  to  the  south  up  to  7000  feet  MSL.  The  terrain  is  20%  rain 
forest,  35%  open  farm  lands,  15%  mountains,  and  the  rest  rolling 
terrain  ^rith  town**,  forests,  and  lakes.  Two  paved  highways  one 
running  east  and  west  and  one  north  east  to  south  west.  The  rest 
of  the  roads  are  dirt  or  gravel.  In  the  west,  most 
transportation  takes  place  on  the  river  or  on  dirt  roads  through 
the  rain  forest. 

1.1. 2. 3. 3  Threat.  Partiguy  has  a  large  dismounted  infantry 
force  which  utilizes  helicopters  for  mobility.  They  have 
acquired  UH-1  and  AH-1  aircraft  from  their  neighbors  to  the 
south.  They  have  armed  these  aircraft  with  weapons  acquired  from 
various  sources  both  1st  and  2d  world.  They  pose  a  serious  air- 
to-air  hazard  to  Task  Force  Eagle.  Among  the  assets  the 
Partigian  army  has  acquired  are  former  Soviet  Union  listening  and 
jamming  devices,  SA-18s,  and  a  host  of  other  modern  weapons  at 
"fire  sales"  throughout  the  world.  They  have  very  few  armored 
vehicles;  mostly  dismounted  infantry  and  helicopters  of  all 
types.  These  armaments  have  increased  their  confidence  level  to 
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a  high  degree.  They  are  not  intimidated  by  a  brigade  task  force 
from  the  U*i.ited  States.  The  Escadorian  president  is  very 
reluctant  to  permit  large  numbers  of  troops  from  the  U.S.  into 
his  country .  ^ It  would  be  politically  unpopular  with  the  people 
and  to  his  friendly  neighboring  countries  who  do  not  want  a  U.S. 
"puppet"  so  close  at  hand, 

1*1*2.3.4  Tactics  and  Docrxine:  B“Troops  primary  mission  is  to 
perform  rouce  and  zone  reconnaissance  of  areas  to  the  west;  the 
most  likely  avenues  of  approach  of  Partiquy  forces.  B-Troop  will 
conduct  these  missions  during  the  day.  The  Apaches  will  patrol 
these  avenues  at  night.  Pcurtigian  forces  move  mostly  at  night 
and  conduct  early  morning  ambushes  of  Escadorian  villages  and 
supply  points.  The  Blacldiawks  and  Chinooks  will  lift  Escadorian 
forces  into  battle  positions  to  block  these  raids.  The  primary 
mission  of  the  brigade  Task  Force  is  to  train  the  Escadorians  in 
air  assault  tactics,  counterinsurgency  operations,  and  weapons. 
General  guidance  provided  to  this  point  is  for  the  U.S.  Forces 
not  to  get  decisively  engaged.  Fire  only  in  self  defense.  Air 
Force  reconnaissance  assets  are  net  very  effective.  They  have 
been  unable  to  get  agreements  with  surrounding  countries  to  fly 
near  the  area  of  concern.  They  can  only  fly  in  international 
waters  over  the  Pacific  over  500  miles  away.  The  air  defense 

batteries  in  TF  Eagle  brought  with  them  two  new  ground 
based  sensor  radars. 

1.2  Background : 

1.2.1  Since  Vietnam  NLOS  communications  has  become  an  increasing 

Army  aviation.  Aircraft  routinely  operate  beyond 
line  of  sight  distance  from  their  tactical  operations  center 
which  provide  and  receive  information  to  control  the  operation. 
Aviation  uses  tactical  command  posts  (TAG)  or  "Jump  TOCS"  to 
^  the  gap .  These  TAGS  are  extremely  vulnerable  to  enen^ 
^istection  and  attack  because  of  their  close  proximity  to  the 
engaged  forces,  and  they  require  manpower  which  aviation  units 
are  critically  short. 

1.2.2  In  Desert  Shield  and  Desert  Storm,  theater,  corps,  and 
special  operations  units  used  new  technology  extensively  to 
receive  enemy  air  track  and  ground  track  information  directly 
from  overhead  platforms .  These  systems  use  electronic 
correlators  and  are  more  responsive  to  the  tactical  user's  needs. 

aviation  seeks  a  means  to  capture  this  information  at 

®nd  battalion  level,  filter  it  by  type  and/or  geographic 
®^®®f  ®nd  send  it  to  friendly  aircraft  without  human 
intervention . 
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1 • 2 . 3  Army  aviation  would  centrally  locate  this  system  in  the 
TOC.  The  TOC  receives  the  track  information  and  transmits  it  to 
the  aircraft.  In  this  way,  aircraft  are  not  burdened  with  | 
additional  enuipment  and  can  display  the  information  on  existing 
display  dericv?s  in  the  cockpit. 

1.2.4  The  FAAD  program  offered  a  vehicle  to  start  evaluating 
this  ^  theory .  The  FAAO  has  developed  software  for  the  transmittal 
of  sir  ^  track  information  via  the  enhanced  position  location  and 
reporting  system  (EPLRS) .  In  accordcuice  with  the  operational 
facility  rules  (OPFAC)  of  the  Combined  Arms  Center  (CAC)  the 
aviation  TOC  is  scheduled  to  receive  ELPRS.  The  aviation  TOC  is 
also  scheduled  to  receive  NLOS  communications  radios  [nap-of-the- 
earth  co^unicat ions  (NOE  COMM)  radios].  The  OH-58D,  AH-64D,  and 
RAH— 66  will  have  a  digital  data  bus,  control  display  devices,  and 
MOE  COMM  radios .  What  remains  is  the  addition  of  some  software 
to  display  the  air  tracks  received  by  organic  radios  and  modems. 

1.2.5  To  this  point,  most  digital  NOE  COM  transmissions  have 
been  low  speed,  75  bit  per  second  (bps) .  At  this  rate  15  tcirget 
f^scks  would  take  about  30  seconds  to  transmit.  A  faster  speed 
was  necessary  because  the  moving  targets  change  aspect  and  must 
be  updated  repeatedly.  The  EPLRS  provides  a  refresh  rate  of  4 
seconds  on  air  tracks.  In  order  to  handle  15  tracks  in  4  seconds 
a  2400  bps  data  rate  was  necessary.  As  the  data  rate  increases, 
the  signal  to  noise  ratio  of  the  path  must  increase.  The 
operator  can  select  a  lower  data  rate  to  accommodate  poor 
communications.  The  data  rate  can  be  lowered  automatically  to 
accommodate  poor  communications  and  reduce  the  update  rate. 

1.2.6  This  CEP  was  designed  to  evaluate  the  user's  perspective 
of  ^  such  a  system.  What  happens  when  the  pilot  is  presented  with 
this  information?  How  should  it  best  be  presented?  What  affect 
does  it  have  on  the  mission? 

1.3  Systems  Description 

1.3.1  Components  in  the  system: 

1.3. 1.1  Two  AH-IS  Cobras,  acting  as  surrogate  attack  aircraft, 
were  outfitted  with  data  buses,  control  display  units  (CDU) , 
global  positioning  systems  (GPS),  line  of  sight  radios,  digital 
modems,  and  the  necessary  software  to  receive  track  information 
from  their  accompanying  scout  aircraft. 

1.3. 1.2  One  OH-58C  was  configured  with  a  data  bus,  control 
display  units,  communications  radios,  and  software  to  receive  the 
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sir  track  from  the  ground  component  and  automatically  treuismit 
them  to  his  team  members  ( the  two  Cobras ) .  I 


1»3»1»3  A  commercial  van  was  outfitted  with  communications 
equipment,  air  track  generator,  and  cos^uters  to  simulate  the 
reception  of  the  EPLRS  tracks  and  send  them  out  to  the  OH-58C. 


1.3.2  The  FAAD  system  was  simulated.  The  EPLRS  unit  was 
simulated  in  software  running  on  a  UNIX  based  computer.  The  Air 
Force  used  a  similar  system  in  Desert  Storm  (Joint  Tactical 
Information  Distribution  System)  which  worxed  fine.  The  user 
determined  that  replication  of  'this  portion  of  the  system  was  not 
necessary. 

1.3.3  The  software  was  written  to  run  on  the  cockpit  display 
unit  of  the  0H-58C.  This  is  an  Intel  80186  microprocessor  based 
system  which  is  ve^  slow  by  today's  standcirds.  This  was  chosen 
because  it  was  available  at  no  cost  and  is  the  seune  unit  used  in 
the  Apache. 

1.3.4  The  system  used  two  HF  radios  with  automatic  link 
establishment  and  data  modems;  one  in  the  OH— 58C  and  one  in  the 
9^o^nd  station.  These  radios  were  on  hand  from  previous 
experiments . 

1.3.5  Vitronics  Inc.  converted  two  AH- IS'  into  data  bus 
controlled  aircraft  using  equipment  already  on  hand  within  the 
Electronics  Integration  Directorate  of  CECOM. 

1.3.6  The  OH— 58C  was  a  left  over  from  an  earlier  program. 

1 • 3 . 7  The  system  design  ( see  enclosed  diagram)  was  as  follows : 

1  •  3 . 7 . 1  The  air  track  generator  provided  the  cockpit  dj.splay 
unit  in  the  commercial  van  the  air  track  files.  The  system 
operator  would  establish  an  HF  link  with  the  OH-58C.  Once  the 
link  was  established,  the  system  operator  would  switch  on  the 
CDU  to  send  the  track  files  to  the  HF  for  transmission  to  the  OH- 
58C. 


1.3. 7. 2  The  OH— 58C  received  the  track  files  over  HF  and 
displayed  them  on  the  CDU.  The  CDU  took  information  from  the 
heading  reference  unit  (HRU)  and  the  doppler  and  displayed 
relative  position  of  the  tracks  on  the  CDU's  air  picture  page. 
The  track  files  were  as  accurate  as  the  doppler  and  HRU  with  GPS 
update . 
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1.3. 7. 3^  The  OH-58C  automatically  transmitted  these  track  files 
via  a  digital  modem  (AG^HS)  and  a.  line-of-sighc  radio  to  the  two 
AH-IS'.  A  VHF  frequency  was  used  on  the  line-of-sight  radio. 

1.3. 7. 4  The  AH- IS'  received  the  track  files  from  the  OH-58C, 
compared  them  to  their  HRU  and  doppler  position,  and  displayed 
the  relative  position  of  the  tracks  on  their  CDU's  air  picture 
page . 


1.3. 7. 5  The  AH-IS'  and  OH-58C  aircraft  automatically  exchanged 
their  own  position,  providing  relative  position  of  friendly  units 
in  a  "subscriber"  file,  which  could  also  be  displayed  on  the 
CDU's  each  aircraft. 

1.3.8  OPERATIONAL  ISSUES  AND  CRITERIA. 

1.3.8. 1  Issue:  To  determine  if  the  air  picture  can  be 
effectively  processed  and  displayed  in  the  Commander's,  attack, 
and  scout  aircraft. 

1.3. 8. 2  Criteria:  This  issue  is  investigative  in  nature.  Air 
"tracks  received  by  EPLRS  then  transmitted  to  the  aircraft  should 
be  processed  without  error  and  displayed  so  that  the  pilot  can 
understand  the  relative  position  of  the  treat  aircraft  in  time  to 
react  within  the  threats  engagement  cycle. 

1.3. 8. 3  Issue:  Does  the  air  picture  provide  a  potential  for 
improving  mission  performance? 

1.3. 8. 4  Criteria:  This  issue  is  investigative  in  nature.  A 
reduction  of  time  to  get  to  attack  position  and  orient  weapons 
should  be  realized  (10%  reduction  is  the  minimum  desired).  The 
team  should  be  alerted  to  enemy  aircraft  and  take  appropriate 
action  before  enemy  helicopters  are  within  their  engagement 
range . 

1.3. 8. 5  Issue:  :  evaluate  the  Apache  ATHS  A/ I  CDU.  Is  it 
operationally  suitciole  as  the  control  and  display  for  the  air 
picture? 

1.3. 8. 6  Criteria:  This  issue  is  investigative  in  nature.  The 
display  must  be  readable,  compatible  with  night  vision  devices, 
and  reliable. 

1.3.9  METHODOLOGY . 

1.3.9. 1  INTRODUCTION.  This  test  was  conducted  in  two  phases. 
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Phase  1  was  the  control  phase*  Phase  II  was  the  test  phase.  In 
both  phases  the  Blue  and  Red  forces  operated  about  45  kilometers 
firom  the  base  station.  This  was  well  beyond  line  of  sight 
communications  range  of  the  radios  in  the  simulated  TOC.  Track 
files  were  sent  to  the  Blue  Forces  in  phase  II.  By  comparing  the 
two  events,  test  officers  could  determine  the  relative  value  of 
the  air  picture  information. 

1.3. 9.2  EVENTS. 

1.3. 9. 2.1  On  day  one  through  three,  a  briefing  of  the  CEP 
objectives  to  the  squadron  commander  and  air— crew  training  of  the 
Blue  Force  air— crews  took  place.  This  included  both  classroom 
and  hands  on  instruction  in  the  aircraft. 

1.3.9.2.2  On  day  four,  two  AH- IS'  and  one  OH— 58C  flew  an  area 
reconnaissance  mission  (afternoon)  control  run.  The  Red  Forces 
provided  three  threat  aircraft  for  both  missions.  The  Red  Forces 
traversed  from  west  to  east.  The  Blue  Forces  did  not  know  which 
way  the  threat  was  coming  from.  They  were  told  that  there  was  a 
high  probability  that  reconnaissance  elements  from  Partiguy  would 
be  in  the  area.  EF  voice  communications  was  maintained  with  the 
OH-58C  but  no  track  files  were  sent. 

1.3. 9. 2. 3  The  fifth  day,  two  AH-lS'  and  one  OH-58C  flew  a 
control  run  in  the  morning,  a  route  reconnaissance.  The  Red 
Forces  flew  from  north  to  south. 

1.3.9. 2. 4  On  the  sixth  day  in  the  afternoon,  the  first  test  run 
was  made.  The  AH- IS'  and  OH— 58C  performed  an  area 
reconnaissance.  Tracks  were  sent  to  the  OH-58C  which 
automatically  sent  them  to  the  AH- IS'.  The  Red  Forces  flew  a 
south  to  north  path  through  the  area  of  interest. 

1.3. 9. 2. 5  The  seventh  day,  one  OH-58C  flew  to  Ft.  Knox  and 
returned  to  Ft.  Campbell  during  the  hours  of  darkness.  Track 
files  and  data  were  sent  from  the  surrogate  TOC  to  the  aircraft. 

^•3.9. 2. 6  On  the  eighth  day ,  two  more  runs  were  made ;  an  attack 
mission  in  the  morning  then  a  screen  in  the  afternoon.  Tracks 
were  provided  to  the  OH-58C  which  passed  them  to  the  AH-IS'.  Two 
threat  aircraft  in  formation  flew  the  pre  planned  tracks  through 
the  area  as  prescribed. 

1.3. 9. 3  DATA  COLLECTION,  REDUCTION,  AND  ANALYSIS. 

1.3. 9. 3.1  Data  Collection.  The  results  of  the  automatic  link 
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establishment  were  recorded  for  each  link  process.  After  each 
mission,  the  pilots  were  debriefed  on  the  performance  of  the 
system.  These  debriefings  were  taped. 

1.3. 9. 3. 2  Data  Reduction .  The  HF  radio  performance  was  scored 
by  time  of  day  and  distance.  The  performance  of  the  system  was 
the  subjective  view  of  the  pilots. 

1 . 3 . 9 . 4  Data  Analysis , 

1.3. 9. 4.1  The  issue  concerning  the  performance  of  the  system  was 
evaluated  as  go  or  no-go.  It  either  performed  or  it  did  not. 

The  objective  of  this  test  was  not  to  engineer  a  reliable, 
sustainable  system  but  to  reasonably  replicate  the  OH-58D,  RAH-66 
and  AB-64  sytems. 

1-3. 9.4.2  The  issue  of  mission  effectiveness  was  con^letely 
subjective.  Pilot  reports  on  who  saw  who  first  was  the  only 
criteria  to  make  this  determination. 

1.3. 9.4. 3  The  issue  of  display  effectiveness  was  subjective. 
Debriefings  and  pilot  quest: onnaires  were  used  to  evaluate  this 
issue. 

1.4  Results  Summary 

1.4.1  SUB-TEST  1.  SYSTEM  PERFORMANCE 

1 . 4 . 1 . 1  ISSUE .  Can  the  air  picture  be  effectively  processed 
and  displayed  in  scout  and  attack  aircraft? 

1  ♦4.1.2  CRITERIA.  Processing  and  display  should  allow  time  for 
the  crew  to  determine  the  relative  position  of  air  tracks 
take  appropriate  action  such  as  move  into  attack  position  or 
mask. 

1.4. 1.3  FINDING.  MET 

1.4. 1.4  DISCUSSION.  The  system  worked  as  anticipated.  Targets 
were  sent  from  the  base  station  to  the  0H-58C  over  BF  and 
automatically  retransmitted  via  VHF  radio  to  the  AH-IS'.  If  the 
aircraft  had  good  doppler  and  heading  information  the  air  tracks 
were  depicted  correctly  on  the  display.  There  were  many  problems 
with  the  equipment  on  board  the  aircraft.  The  major  problem  was 
that  the  CDU  could  not  process  global  positioning  system  (GPS) 
information  fast  enough  to  allow  the  computation  of  other 
necessary  data.  As  a  result  the  GPS  algorithms  had  to  be 
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bypassed  ^d  the  CDU  had  to  use  doppler  information  exclusively 
position.  This  put  an  extra  burden  on  the  crew  to  keep  the 
doppler  updated  all  the  time.  On  one  ^f  the  AH-IS'  the  OH- 

58C  this  was  a  continuous  problem.  Another  problem  existed  with 
the  ALE  software  in  the  HF  radio.  It  required  a  significant 
amount  of  pilot  interface  during  which  no  targets  were  sent  in 
^^5ihal  burst  from  the  base  station.  Once  the  frequency  for  air 
tracks  was  established  the  system  did  all  the  work.  Radio 
communications  between  aircraft  for  passing  targets  was  reduced 
significantly . 

1.4. 1.5  SUB-TEST  2.  MISSION  EFFECTIVENESS 

ISSUE .  Does  the  air  picture  provide  potential  for 
improving  mission  performance? 

CRITERIA.  A  10%  reduction  in  travel  time  to  the  area 
of  operation.  Increased  survivability  by  a  factor  of  50%. 
I»ikelihood  of  fratricide  is  reduced. 

1.4. 1.5. 3  FINDING.  Met 

1*4. 1.5. 4  DISCUSSION.  The  air  picture  definitely  helped  the 
pilots  see  the  threat  first  and  mask  or  engage  the  threat  inside 
threats  time  line  for  engagement.  During  the  control  runs 
the  Blue  Forces  and  Red  Forces  saw  each  other  virtually 
simultaneously  on  both  runs .  The  winner  of  the  engagement  was 
the  aircraft  that  had  the  best  aspect  ratio  to  put  weapons  to 
bear.  During  the  test  runs,  the  Red  Forces  never  saw  the  Blue 
Forces.  Once  the  Red  Forces  were  within  a  few  kilometers,  the 
Blue  aircraft  would  mask  their  position  and  visually  follow  the 
Red  Force  aircraft  through  the  area.  Blue  Force  aircraft  were 
never  seen.  This  was  a  veiy  dramatic  and  telling  outcome ...  far 
better  than  expected.  A  down  side  to  the  issue,  however,  was 
that  the  air  picture  disrupted  the  cavalry  mission.  Because  the 
pilots  had  to  constantly  watch  for  Threat  aircraft,  they  could 
not  adequately  perform  their  area  and  route  recons  or  screening 
missions.  An  audio  ^eue  or  an  APR-39  type  warning  would  have 
been  better  than  a  video  screen.  The  attack  mission  was 

The  air  picture  was  indispensable  in  prosecuting  the 
attack.  During  the  final  two  test  runs,  ground  targets  anri 
friendly  targets  were  sent  to  the  aircraft  to  simulate  a 
f^®hricide  problem.  The  Blue  force  aircraft  could  readily 

threat  targets;  a  significant  requirement  in  reducina 

fratricide. 

1.4. 1.6  SUB-TEST  2  DISPLAY  ADEQUACY 
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1.4. 1.6.1  ISSUE.  Is  the  ATHS  CDU  operationally  sulteible  as  the 
control  and  display  for  the  air  picture? 

1.4. 1.6. 2  CRITERIA.  The  features  of  the  display  will  permit  Its 
effective  use  to  enhance  mission  performance  and  survivability. 

1.4. 1.6. 3  FINDING.  Not  Met 

1»4. 1.6.4  DISCUSSION.  The  CDU  Is  not  adequate  as  a  control 
display  for  the  air  picture.  The  CDU  must  perform  a  myriad  of 
functions  such  as  update  the  doppler,  radio  frequency  and  crypto 
management,  route  selection,  HF  radio  ALE,  and  others.  A 
separate  display  Is  needed  to  keep  up  with  the  friendly  and  enen^ 
situation.  It  was  determined  that  for  cavalry,  air  assault,  and 
missions  other  than  attack,  a  simple  display  such  as  the  APR-39 's 
audio  and  visual  display  would  be  adequate.  Attack  missions 
require  a  separate  display  perhaps  a  multi-function  display  for 
the  air  picture.  The  graphics  presented  were  too  big  for  the 
display.  The  three  scales  provided  were  adequate. 

1.5  Findings 


FACTORS  FINDING 

ISSUE  1.  Effectiveness 

Criteria  1:  Process  without  error  MET 

Criteria  2:  Process  and  display  In  MET 

less  time  than  the  threats  ability 
to  fire. 


ISSUE  2 .  Mission  Performance 


Criteria  1.  Travel  time  reduced  >  10% 
Criteria  2  Survivability  Increased  >  50% 

Criteria  3  Reduce  Fratricide 


MET 

MET 

MET 


ISSUE  3.  CDU  adequate 

Criteria  1  CDU  enhances  mission 
Criteria  2  Compatible  with  NVG 
Criteria  3  Reliable 


Not  Met 
Not  evaluated 
Not  Met 


1.5.1  SUGGESTED  IMPROVEMENTS . 


1 . 5 . 1 . 1  ^  The  key  to  getting  air  picture  or  amy  target  type 
i^l®^^™3.tlon  to  fighting  elements  Is  a  robust  communications 
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system.  The  HP  ALE  used  during  this  test  was  not  very  robust. 

The  algorithm  was  too  operator  intensive.  The  radios  should 
automatically  select  the  digital  data  burst  rate  based  on  how 
well  they  hear  each  other.  It  will  be  interesting  to  see  how 
this  system  is  affected  by  many  different  mission  aircraft  in  the 
separate  ctreas  of  operation;  one  base  station  servicing  aircraft 
over  different  propagation  paths. 

1.5. 1.2  Recommend  opening  a  dialogue  with  the  aircraft 
survivability  equipment  personnel  within  the  Project  Manager's 
office  for  Aviation  Electronic  Combat  in  Saint  Louis  to  see  how 
to  integrate  such  a  system  into  the  AN/APR-39 ()  display  for  non 
attack  aircraft. 

1.5. 1.3^  Recommend  that  EID  increase  their  pilot  display 
ergonomics  data  base  from  the  upcoming  combined  arms  command  cuid 
control  and  intra-vehicular  information  system  simulator 
evaluations . 

Appendices : 

A.  Test  Data  (Filled  in  Data  Fonns) 
b.  Distribution 
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Questionnaires : 

Communications  and  Display  for  Arny  Aviation  Air  Picture 

HAME  TSRftgri,  M  Rank  Cu3  3-  Date  93^ 

Years  in  '"7 

Years  as  Amy  Aviator _ _ 

Total  Number  of  Flight  Hours  -7o<a _ 

^^proximate  total  #  of  hours  in  >s~do _ 

Approximate  total  #  of  hours  in  OH-58A/C  _ 

Approximate  total  #  of  hours  in  OH-58D _ 


Questions : 

Training: 

1.  Was  the  training  on  the  system  adequate.  (Yes  orC^Qp 

Ajo-r  coUiAr  to,^7-£‘2> 

■7^  ert/t-r'  op-  -rsrs-7-5. 

2.  If  the  training  was  not  adequate,  what  would  you  do  to  improve 


3^*  Provide  a  part  task  trainer  for  self  paced  instruction 
or  no) . 

b-  Provide  more  hours  of  classroom  instruction,  (yes  or<ool> 
c.  More  hours  of  cockpit  familiarization  (yes  or(^>. 


3.  Comments  on  training: _ 

_ -rRiolk.  hfb  *JOT-  C>o  i 

AfPr 


Zs _ SoPr-ui  Mtp 


SYSTEM  PERFORMANCE: 


Morr 


CKivr 


4.  Did  the  system  display  air  tracks  adequately?  (yes  or  jigp . 

_Uj>~r^ou-r — 4 ^  AiR  roa-r 

_  _  .or  »N 

Can  you  use  this  information  for  self  defense  or  avoidance? 
Cy^g^r  no) 


JP’  Ta^P  Sy':S-7-4S^  60  0A-ACfc^  AT  Afi 'J ,  /  7"  400  <^/d/  ^ 

6.  Were  you  able  to  transfer  tracks  or  other  information  to  your 
team  member (s)  via  ATHS.  (yes  or  ^o> 

- .S _ neciguSQ.  oAJL<i.  _ 

7.  Is  information  transfer  via  ATHS  more  convenient,  easier, 
faster,  better  or  worse  than  voice  communications? 

IT  UiiV^  S<^'T  |AJ  Arcct^fe.A^c'  INPO  <L;+oiS^^ 

»^‘ST^Sk-r  i»s/  'bi5P4j^4=^i. 
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8.  Comments  on  system  performance;  Vpo  .  g^rt^^A 

)^.T  At7KP,c.yu,^/r  /A/ 

G?S — 4-»o>\  tj&PPiSR^  P»s/Vy<^*^  lA--^  A-t-, 

DisplayT"^^^ 


display  size,  brightness,  color,  symbology,  and 
readability,  and  switch  location,  adequate?  Aj~f*<=:  , _ 

- -ro<>  _ &iMzjr  £.^-r 

- — LA.D.'L'R^r^<?hR/_^  AT  7v*t^/r  -r  .  _ 

10.  Was  the  display  location  adequate?  m  o  « w-/*  /<o  AM  ~  /  ST 

tAj  k  A-t^U.  i^tOT  .g-eA-r  Pa^t-.a^  , 

4.  1_  .  ,  UicfeNtw  bw  TSci  SieU-A 

It  not,  where  is  better  2uxd  why  would  you  dis^ace  the  display  that 
IS  there  now?  Cst^-rsTi.  of  P>wt-  ^  'PA^^iS’l  _ _ 
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Comments  on  display  /^5  ^ 

Q:iu  Fbfe  is^  .^^,9  dA//)OA.=< 

•  ^ 


/  2,  -di  VWW.X  ^ 

5v-|  «s-T7?jy» 


OkJ« 


: 


Loc  t^-r/at^  c  r  Cb*A  ^ 

wp  bATS'  "7^ 
PiCTUi2.£  hATA  j 

TMiArr  i^&LS 

*  t 
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Questionnaires : 

Comnunicatlons  and  Display  for  Army  Aviation  Air  Picture 

/}. _  Rank  _  Date  ^  6 

Years  in  Army 

Years  as  Army  Aviator  /  O _ 

Total  Number  of  Flight  Hours  //OO _ 

Approximate  total  f  of  hours  in  AH-1  2^ _ 

i^proximate  total  #  of  hours  in  OH-58A/C  _ 

Approximate  total  #  of  hours  in  OH-58D _ ^ _ 

Questions : 

Training: 

1.  Was  the  training  on  the  system  adequate . /(Ye^  or  NO) 


2.  If  the  training  was  not  adequate,  what  would  you  do  to  inrorove 
it? 

Provide  a  part  task  trainer  for  self  paced  instruction 
(yes  or  no) . 

b.  Provide  more  hours  of  classroom  instruction,  (yes  or  no) 

c.  More  hours  of  cockpit  familiarization  (yes  or  no). 

3.  Comments  on  training:  rff£ 

_ _ _ A/v  ^  >tag>  T/Mr 

SYSTEM  PERFORMANCE: 

4.  Did  the  system  display  air  tracks  adequately?  (yes^r  no). 


— >Can  you  use  this  information  for  self  defense  or  avoidance? 
yes  or  no) 


6.  Were  you  able  to  transfer  tracks  or  other  information  to  your 
team  member(s)  via  ATHS.  ^ye^or  no) 


7.  Is  information  transfer  via  ATHS  more  convenient,  easier 
faster,  better  or  worse  than  voice  communications? 


SUBJECT t  gQmnmnications  and  Display  for  Aviation  Air  Picture 


\/o(c.£ 


8.  Comments  on  system  perjf ormance :  ~e  itt  to  csr  /•^Ao^tctAr/o. 


Display: 

9.  display  size,  brightness,  color,  symbology,  and 

readability,  and  switch  location,  adequate?  Sffz^  ay>*s 

3t<r  n(<i>&£  ■Cf-4^:ieVr  >^fc  ^S£J3£/)  ,  /4s  l'\ _ 


10.  Was  the  display  location  adequate? 


If  not,  where  is  better  and  why  would  you  displace  the  display  that 
is  there  now? _  ^  r-  i'  jr 


11.  Comments  on  display  r<i>  tvs  £i£L.£rc  sAf'<r//^/c. 

^  f  ,  rf^t  S<//3£.Y  7~>/«£~ 


12. 

re  me  ^ ' 

fAJA/cf/ati/9^  •  oaj£  ujAr  sufie  tp  'U/sr/o 


ANHSX  A 


Questionnaires : 

Comnunications  and  Display  for  Army  Aviation  Air  Picture 


NAME 


Rank 


Yeaurs  in  Army  /J 

Years  as  Army  Aviator  _ 

Total  Number  of  Flight  Hours  A S-Q _ 

Approximate  total  #  of  hours  in  AH-1 
Approximate  total  #  of  hours  in  OH-58A/C  y/yo 
J^proximate  total  #  of  hours  in  OH-58D _ 


Date 


Questions: 


Training: 

1.  Was  the  training  on  the  system  adequate.  (Yes  or 


2. 

it? 


If  the  training  was  not  adequate ,  what  would  you  do  to  in^rove 


_ _ ,  Provide  a  part  task  trainer  for  self  paced  instruction 

or  no) . 

Provide  more  hours  of  classroom  instruction.  tifes^oT  no) 
c.  More  hours  of  cockpit  familiarization  ,;iye^ or  no). 

3.  Comments  on  training  _ 


SYSTEM  PERFORMANCE: 


4.  Did  the  system  display  air  tracks  adequately?  (yes  or/^n^. 

_ *ise  this  information  for  self  defense  or  avoidance? 

-ije^or  no) 


>  ^  ^  ^  c/  ■->  _ 

6.  Were  you  able  to  transfer  tracks  or  other  information  to  your 
team  member (s)  via  ATHS.  (yes  or  no) 

A/  _ _ _ _ 

7.  Is  information  transfer  via  ATHS  more  convenient,  easier, 
faster,  better  or  worse  than  voice  communications?  - 


SUBJECT?  Cowmoinications  and  Display  for  Aviation  Air  Pic-hure 


8.  Ccmments  on  system  performance: _ 

/9'^-  •^s/Zt/rr^  - 


Display: 

9.  display  size,  brightness,  color,  symbology,  euid 

readability,  and  switch  location,  adequate? 


10.  Was  the  display  location  adequate? _ 

_ _ 

If  not,  where  is  better  and  why  would  you  displace  the  display  that 
is  there  now?  y  ?  y 

^  /.-  >■  ■?.—  -y/? _ 

11.  Coiriments  on  display  y-A-i _ 

jr’y~-r’'yp  ’ /tj’ 

r  ~ 

"'yh  /y- y 

/z  (Ur^ — :x- 


AKHEX  A 


Questionnaires : 

Communications  and  Display  for  Amy  Aviation  Air  Picture 

M-  _  Rank  /x)0  f  Date  /HOS 

Years  in  Army  3 _ 

Years  as  Army  Aviator  X- _ 

Total  Nuudser  of  Flight  Honrs  _ 

i^proximate  total  #  of  hours  in  AH-1  tp _ 

Approximate  total  #  of  hours  in  OH-58A/C  3.?2)  _ 

Approximate  total  #  of  hours  in  OH-58D  U> _ 

Questions: 

Training: 

1.  Was  the  training  on  the  system  adequate.  (Yes  or^d|) 

4a  ri/  7^ _ 

2.  If  the  training  was  not  adequate^  what  would  you  do  to  iu^rove 

JL/LhejtSiii.  S/L  JLOjuJfim^tAJ-  Xv-' 

(Xj,\d  ^ 

a.  Provide  a  part  task  trainer  for  self  paced  instruction 
(yes  or^nol). 

b.  Provide  more  <hours  of  classroom  instruction.  C^es>  or  no) 

c.  More  hours  of  cockpit  familiarization  <fy^_>or  no). 

3.  Comments  on  training :  /h^'^L _ _ 


SYSTEM  PERFORMANCE: 

4.  Did  the  system  display  air  tracks  adequately?  (yes  or  no). 

i'f'  ^/ci  rs/tyt^^.t^tZi^  UK<jL  , 

5  Can  you  use  this  inf oannation  for  self  defense  or  avoidance? 
^ty^  or  no) 

4tu.<p  ^1.  ■k', 

ioiu.  M  ^  ^ 

6./  Were  you  able  to  trans^gr  tracks  or  other  information  to  your 
team  member  ( s )  via  ATHS .  <^e^  or  no ) 


7.  Is  information  transfer  via  ATHS  more  convenient,  easier, 
faster,  better  or  worse  thcin  voice  communications? 

^ 


8.  Comments  on  system  perfozmance: 


UL  -4^; 


10*  Was  the  display  location  adequate? 


If  not^  where  is  better  and  why  would  you  displace  the  display  that 
is  there  now?  A/  4- 


AHNEX  A 


Quesi:ionnaires : 

Communications  and  Display  for  Army  Aviation  Air  Picture 


HAME  ^3  t  R^/^jOy  ^  «  Rank:  pate 


Z  C  ?z 


Years  in  Army  Z.  ( _ 

Years  as  Army  Aviator  _ 

Total  Number  of  Plight  Hours  ^ 

Approximate  total  #  of  hours  in  AH»1 
Approximate  total  #  of  hours  in  OH-58A/C  7e>i- 
Approximate  total  #  of  hours  in  OH~58D  ~  of 


Questions : 


Training: 

1.  Was  the  training  on  the  system  adequate.  (Yes  or  NO) 

y^s 

T - 

2.  If  the  training  was  not  adequate/  what  would  you  do  to  i mpr-ove 


2-»  Provide  a  part  task  trainer  for  self  paced  instruction 
(yes  or  no)  . 

b.  Provide  more  hours  of  classroom  instruction,  (yes  or  no) 

c.  More  hours  of  cockpit  familiarization  (yes  or  no) . 

3.  Comments  on  train?  ng; 


SYSTEM  PERFORMANCE: 

4.  Did  the  system  display  air  tracks  adequately?  (yes  or  no). 

Ho  _ 

5.  Can  you  use  this  information  for  self  defense  or  avoidcince? 
(yes  or  no) 

/F,f  y^S _ 

6.  Were  you  able  to  transfer  tracks  or  other  information  to  your 
team  member (s)  via  ATHS.  (yes  or  no) 

AM-/  _ 

7.  Is  information  transfer  via  ATHS  more  convenient/  easier, 
faster,  better  or  worse  than  voice  communications? 

/A 


SUBJECT;  Comnunicationa  and  Display  for  Aviation  Air  Pictiire 


8. 


/ 

7^  T  r^ - 

Ck>> /^ 

Display: 


9.  ^5®.  display  size,  brightness,  color,  s3^inbology,  and 

readability,  and  switch  location,  adequate? 


10.  Was 

the  display  location  adequate?  "  / 

^<x<-  yo  O 

/ 

If  not,  where  Is  better  and  why  would  you  displace  the  display  that 
Is  there  now? 

AS 

11 «  Comments  on  display 


tl 


/i<.  V  -4.  t<.< 


/Oo  k,ck.^cJ  r^it^cc  too 


AHNEX  B 


OISTRlBOnON  LIST 
ORGANIZATION 


Conmander 

U.S.  Am^  Training  and  Doctrine  Connnand 

ATTN:  ATCD-T 

ATTN:  ATOS-S 

Fort  Monroe,  VA  23651 

Conmcmder 

U.S.  Am^  Aviation  Center 

ATTN:  AT2Q-CDM 

Fort  Rucker,  AL  36362-5000 

Commander 

Communications  and  Electronics  Command 
ATTN:  AMSEL-RD-EI-T/AMSEL-RD-EI-D 
Fort  Monmouth,  NJ  07703-5000 

Commander 

U.S.  Am^  Aviation  amd  Troop  Command 

ATTN:  AMSAT-R 

ATTN:  SFAE-AV-AEC 

4300  Goodi.ellow  Blvd 

St.  Louis,  MO  63120-1798 

Commander 

U.S.  Am^  Aviation  Technical  Test  Center 

ATTN :  STBAT-MP 

Fort  Rucker,  AL  36362 

Commander 

U.S.  Army  Training  Support  Center 

ATTN:  ATIC-DM 

Fort  Eustis,  VA  23604 

President 

TEXCOM  Infamtry  Board 
ATTN:  ATZB-I3-P0 
Fort  Benning,  GA  31905 

Commandant 

U.S.  Army  Infantry  School 
ATTN:  ATSH-CD 
ATTN:  ATSH-CDC 
Fort  Benning,  GA  31905-5007 

Commander 

U.S.  Ainiy  Signal  Center  amd  Fort  Gordon 


ANNEX  B 


ATTN:  ATZH-CDT 

Fort  Gordon,  GA  30905-5000 

Commander  1 

U.S.  Am^  Training  Support  Center 

ATTN:  ATIC-DST-DM 

Fort  Eustis,  VA  23604-5000 

Commander  1 

U.S.  Army  Test  and  Evaluation  Coimiiand 
ATTN:  AMSTE-TO 

Aberdeen  Proving  Ground,  MD  21005 

Commander  1 

n.S.  Anny  Communications-Electronics  Command 
ATTN:  AMSEL-RD 
Fort  Monmouth,  NJ  07703 

Commander  1 

Defense  Technical  Information  Center 

Cameron  Station 

ATTN:  DDC-TCA 

Alexandria,  VA  22314 

Commander  1 

U.S.  Army  Electronics  Research  auid  Development  Command 
ATTN:  AMDEL-AV 
Adelphi,  MD  20783 

Chief  1 

D.S.  Army  Aviation  Training  Library 
ATTN:  ATZQ-T-ATC 
Fort  Rucker,  AL  36362-5000 

Commander  1 

D.S.  Army  Information  Systems 
ATTN:  CC-OPS 

Fort  Huachuca,  AZ  85613-7000 

Commander  1 

D.S.  Amy  Forces  Command 

ATTN:  AFOP-DA 

Fort  McPherson,  QA  30330 

Commander  1 

D.S.  Army  Department  of  Training  and  Doctrine 
ATZQ-DOTD 

Fort  Rucker,  AL  36362-5000 

HQ  TRADOC  1 


2 


ANNEX  B 


ATTN:  ATCD-L 

Fort  Monroe,  VA  23651-5000 
Coimnander 

D.S.  Army  Armor  Center  &  Fort  Knox 

ATTN:  ATZK-MW 

Fort  Knox,  KY  40121-5000 

Commandant 

D*S.  Arn^  Field  Artillery  School 

ATTN:  ATSF-CD 

Fort  Sill,  OK  73503-5600 

Ccxnmander 

D.S.  Army  Combined  Arms  Center 

ATTN:  ATZL-CDC-B 

Fort  Leavenworth,  KS  66027-5300 

Commander 

D.S.  Combined  Arms  Support  Command 

ATTN:  ATCL-C 

Fort  Lee,  VA  23801-6000 

Commandant 

D.S.  Army  Air  Defense  Artillery  School 
ATTN:  ATSA-CDC-R 
Fort  Bliss,  TX  79916 

Commander 

Aviation  Brigade,  101st  Airborne  Division 
ATTN:  S3 

ATTN:  2-17th  Cav 

Fort  Campbell,  KY  422239 


1 


1 


1 


1 


1 
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ir  Assault) 
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